This paper treats general problems of metrology and indirect measurement methods in cardiology. It is aimed at an identification of error estimation criteria for indirect measurements of heart cycle phase durations.
A comparative analysis of an ECG of the ascending aorta recorded with the use of the Hemodynamic Analyzer Cardiocode (HDA lead) versus conventional V3, V4, V5, V6 lead system ECGs is presented herein. Criteria for heart cycle phase boundaries are identified with graphic mathematical differentiation. Stroke volumes of blood SV calculated on the basis of the HDA phase duration measurements vs. echocardiography data are compared herein.
Results
The comparative data obtained in the study show an averaged difference at the level of 1%. An innovative noninvasive measuring technology originally developed by a Russian R & D team offers measuring stroke volume of blood SV with a high accuracy.
Conclusion
In practice, it is necessary to take into account some possible errors in measurements caused by hardware. Special attention should be paid to systematic errors. 
Introduction
The responsibility of every metrological service is to provide the proper realization of internationally accepted units of measures by scientific method. If we consider current application of metrology as the science of measurement in medicine, it should be stated that often we have to deal with most problematic cases there. There are some basic aspects which should be taken into account to assure obtaining the proper measurements. Each of these aspects should be thoroughly realized as follows:
• all required reference standards and measuring instruments should be available;
• the proper repeatability of the measuring instruments and the results of measurements should be provided;
• all required methods for estimation of systematic, dynamic and static errors should be available;
• all required measures should be taken in order to provide the reliability of the measuring instruments in measuring for obtaining such a component of measurement error that in replicate measurements remains constant or varies in a predictable manner.
There are also other factors available which influence both measuring and its results, but in general they should be treated as those derived from the above mentioned aspects.
In order to discuss the problems of metrology in medical science in a correct manner, it should be noted that the relevant diagnostic parameters for humans are divided into two final solutions of these problems, and they speak about the cul-de-sac in this area [1] . To finally settle the vital issues of the organ modeling, it is necessary to get complete sets of data on the performance of every organ in our body which should cover the full range from the norm up to pathology. The main idea of every diagnostics is to establish well-defined boundaries and provide a consistent and clear understanding of what is the norm and what is pathology. Any complex model of any organ can be developed provided that all model parameters are measured. In doing so, it is acceptable to apply hypothetical parameters, but the required accuracy of the relevant measurements should be provided. In this case, every parameter to be simulated should be adjusted, tested and verified in the proper way. It is the core process in the modeling that is really difficult to implement.
There is another aspect of this issue to be treated, too. A more complicated challenge is to identify main features of the performance of any organ to be simulated because we deal with a great number of various interrelations and interconnections between all parts and segments within the human organism complex. In this case, if we abstract such a process, we will face the problem of the apriori recognition of the entire complex of all associated interrelated processes, since the human organism functions being interrelated are of the interdependent nature, taking into account the fact that every organ, among his other functions, shows its own self-regulation function. It is evident that the human body is designed as a non-redundant optimized system, but this fact cannot be used for solving the metrological problem in the medical science.
1. The necessity of developing of the proper theoretical model for indirect measurement methods stems from the current situation in the field of metrology applied to medical instrument production. It should be noted that there are various approaches taken to the simulation of the biophysical processes of biological organisms. In general, these approaches can be defined as follows (the definitions given below are developed by A.
2. identification of object features that are essential and significant for process responsible for production of an information signal;
3. identification of physical processes that cause changes in the information signal;
4. formulation of equations with initial and boundary conditions;
5. quantitative analysis of the basic equations;
6. estimation of systematic error when applying the respective equations for measuring purposes.
In this case, it is required to treat separately the problem of the metrological calibration of an instrument and the problem of estimation of the instrument influence on distortions of the measured value.
An instrument can be calibrated using test signals generated by a built-in test signal generator. It is acceptable for performing of the calibration procedure for an instrument. But the systematic error should be estimated individually. Finally, the systematic error can be estimated using statistical method only [3] .
It should be added that this process can be considered as satisfactory if the comprehensive checking of this process in practice shows only minor deviations of the recorded values from the theoretical estimated values. These deviations are considered as the systematic error.
It is not reasonable to discuss issues of an absolute accuracy of these deviations. The discussion should rather address another issue pertaining to the reliability of measurements.
In the author's opinion, R & D experts and teams should regularly publish their data on the estimation of instrument static errors obtained in their research and their latest achievements in diagnostics methodology with use of most advanced theoretical models, on the basis of which the advanced medical instrumentation is engineered.
The process specified above will lead to the development of a new paradigm in the field of the medical science.
For instance, at present, according to the Russian National Regulations issued by the Russian National Standardization & Metrology Authority GOSSTANDARD, it is a mandatory requirement for medical instrument developers, designers and producers to prepare and submit appropriate procedures of an initial and periodical calibration of any measuring medical device or equipment for official approval by the said Authority. Only upon the approval, every measuring instrument is released for use in medicine. It is a well-known good practice which should be taken into account by the medical equipment developers.
Therefore, the special attention should be given to the issue of reliability and integrity of the recorded data. When designing medical devices, this issue should be studied within possible widest range covering all conditions of the human organism.
Materials and methods
Considering sources of errors that distort the integrity of data containing in an ECG record, it is feasible to carry out the study taking into account two cases as given below.
The first case covers an evaluation of compliance of the phase characteristics on an ECG recorded by the existing standard lead technology and with those recorded with an original HDA lead. This evaluation is to be performed using a common theoretical model for the calculation of the phase durations and the respective hemodynamic parameters.
The second case is aimed at an evaluation of the influence of pass bands of electronic filters on signals for ECG recording.
One of the objectives of this experiment is to determine the sources of the recorded data distortion. This allows realizing the true causes of the crisis of phase analysis method development that was a barrier for a long time to finding the proper solutions of measuring technologies in cardiology.
For the purpose of the experiment, one patient only was involved for ECG recording according to different lead systems as follows: 1) an ECG was recorded from the patient with use of the original HDA lead system which was developed by a Russian R & D team to which the author of this paper belongs (the term HDA is introduced by them, and this abbreviation means Hemodynamic Analysis), 2) a standard V3, V4, V5, V6 lead ECG was taken from the same patient (s. Figure 1 
herein).
Further, the durations of the heart cycle phases were calculated, and on the basis of the calculations the relevant hemodynamic characteristics were estimated. All data were compared to determine the static error of the deviations.
The most important objective was to determine the degree of the integration and the differentiation of the recorded ECG signals depending on the characteristics of the electronic filters.
Figure 1. Arrangement of ECG electrodes in standard V3, V4, V5, V6 lead ECG recording versus originally developed HDA lead recoding.

Results
The data obtained in the above experiment are given in Table 1 
Discussions and conclusions
The comparative analysis of the ECG curves reveals the following basic features. The HDA lead ECG curve is recorded when the electrodes are arranged on the aorta part surface at acupuncture points V14 and V22 to capture the signals from the aorta and the myocardium areas. In doing so, the processes of the cells depolarization over the entire area under study are recorded. Initially, V3, V4, V5, V6 were chosen to investigate the respective local areas.
When comparing the HDA and V3 curves as shown in Fig. 2 , it can be clearly seen that the V3 lead does not trace the fluctuations of the potential which is responsible for the operation of the aortic valve (contrary to the HDA curve as shown in Fig. 6 herein) . Moreover, the segment of this standard lead system ECG curve, that contains the relevant information within this phase, is smoothed, so that all information is compressed, integrated and cannot be treated as valuable data. As it is seen from the V3 lead on the curve in the RS phase indicated in Fig. 6 herein, the above mentioned effect leads to an increase in the duration of the phase. This increase in the duration of the said phase can be traced as follows: for the standard ECG it corresponds to three squares on the chart paper versus two squares for the HDA curve. It would seem to be insignificant, but it is just these multitudinous ECG leads that are responsible for supply with incomplete, distorted and confused sets of data on the phase transitions and boundaries, as it was described for the specific case above. As a result, we have to deal with the crisis of the concept of the cardiac phase analysis diagnostics based on the classic ECG to 5 provide various versions of curves, on the basis of which the data in Table 1 were calculated. It is evident that we have to solve the problem of the integration of the data on the phase transitions and boundaries considering different versions of the electrode location schemas.
The above statement and conclusion is applicable to the analysis of every heart cycle phase performed on the basis of high-resolution electrocardiography curves [4] . Using the proposed methodology, when performing spectral analysis and further integration of the most informative harmonics, we succeeded in an identification of the so called late ventricular potentials. According to the HDA method, these late ventricular potentials reflect the operation of the aortic valve as illustrated in Fig. 6 herein. This feature is applied in our method to qualitative evaluations of these potentials only, because our intention is not to take any measurements of potentials, but to utilize a unified theory of the phase analysis (to describe the phase processes only) avoiding generalized considerations of the phenomena like late ventricular potentials.
When speaking about the reliability of the values measured using the original HDA method, it should be stated that the conceptual model of the elevated fluidity conditions developed by G. Poedintsev and O. Voronova [5] fits very well the data obtained by us. We pioneered also in collecting this evidence in a number of the clinical trials of the HDA method application that was evaluated in comparison with the reference Teicholz method (equation 1) (s. Table 2 below). The difference between two methods is less than 1%. Moreover, the HDA method allows obtaining values with an accuracy up to 0.001. It is much better than it is required in practice for the reliable diagnostics. On the basis of the data presented above, we come to the conclusion that the results obtained using the HDA method are true values which can be used for the further estimation of the errors.
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